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tubular. The apparatus also includes means for collapsing the collapsible expansion cone, such as a 
mechanism using a drop ball (1 10, fig 12). 
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Background Of The Invention 

This Invention relates generally to oil and gas exploration, and in particular to fomiing 
and repairing weUbore casings to facilitate oil and gas exploration. 

During oil exploration, a wellbore typically traverses a number of zones writhin a 
subterranean fomiation. Wellbore casings are then formed in the wellbore by radially 
expanding and plastically deforming tubular members that are coupled to one another 
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by threaded connections. Existing methods for radially expanding and plastlcal^r 
deforming tubular members coupled to one another by threaded connections are not 
always reliable or produce satisfactory results. In particular, the threaded connections 
can be damaged during the radial expansion process. 

The present invention is directed to overcoming one or more of the limitations of the 
existing processes for radially expanding and plastically defomiing tubular members 
coupled to one another by threaded connections. 



Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially expanding 
and plastically defomning an expandable tubular member is provided that includes an 
upper tubular support member defining a first passage, one or more cup seals coupled 
to the exterior surface of the upper tubular support member for sealing an interface 
between the upper tubular support member and the expandable tubular member, an 
upper cam assembly coupled to the upper tubular support member comprising- a 
tubular base coupled to the upper tubular support member, and a plurality of cam amis 
extending from the tubular base In a downward longitudinal direction, each cam ami 
defining an inclined surface, a plurality of upper expansion cone segments interleaved 
with the cam amis of the upper cam assembly and pivotally coupled to the tubular 
support member, a lower tubular support member defining a second passage fluididy 
coupled to the first passage releasabiy coupled to the upper tubular support member 
and a lower cam assembly coupled to the lower tubular support member comprising- a 
tubular base coupled to the lower tubular support member, and a plurality of cam amis 
extending from the tubular base in an upward longitudinal direction, each cam ami 
defining an inclined surface that mates with the inclined surface of a corresponding one 
of the upper expansion cone segments, wherein the cams amis of the upper cam 
assembly are interieaved with and overlap the cam amis of the lower cam assembly a 
plurality of lower expansion cone segments interieaved with cam amis of the lower cam 
assembly, each lower expansion cone segment pivotally coupled to the lower tubular 
support member and mating with the Inclined surface of a corresponding one of the 
cam amis of the upper cam assembly, wherein the lower expansion cone segments 
.nterieave and overiap the upper expansion cone segments, and wherBin the upper 
and lower expansion cone segments together define an arcuate spherical external 
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Aocord»,g ,0 another aspect of th. present lm«„tion. an apparatus ,0, radiaiv 
expanding and plastically defom.„g an expandable tubular r^L is pro^d^t! 
ncludes a tubular suppo« m«nber. a oolN».ble expansion cone coupled Je^I 
^uppon member, an expandable tub*r member coupled .0 the collapslb* e^ „ 
cone, means for displacing the collapsible expansion cone reh^ ,0 me exZZ 
tubular member, and means for collapsing me exp«,slon cone 
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According to another aspect of the present invention, a collapsible expansion cone is 
provided that includes an upper cam assembly comprising: a tubular base, and a 
plurality of cam anns extending from the tubular base in a downward longitudinal 
direction, each cam arm defining an inclined surface, a plurality of upper expansion 
cone segments interleaved with the cam amis of the upper cam assembly, a lower cam 
assembly comprising: a tubular base, and a plurality of cam amis extending from the 
tubular base in an upward longitudinal direction, each cam ami defining an inclined 
surface that mates with the inclined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams anns of the upper cam assembly are 
interieaved with and overlap the cam arms of the lower cam assembly, a plurality of 
lower expansion cone segments interieaved with cam amis of the lower cam assembly, 
each lower expansion cone segment mating with the inclined surface of a 
con-esponding one of the cam amns of the upper cam assembly, means for moving the 
upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 

According to another aspect of the invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member Is provided that includes a tubular 
support member, a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing the collapsible expansion cone relative to the expandable tubular member, 
and means for collapsing the expansion cone. 

According to another aspect of the invention, a collapsible expansion cone is provided 
that includes an upper cam assembly comprising: a tubular base, and a plurality of cam 
amis extending from the tubular base in a downward longitudinal direction, each cam 
arm defining an inclined surface, a plurality of upper expansion cone segments 
interieaved with the cam amis of the upper cam assembly, a lower cam assembly 
comprising: a tubular base, and a plurality of cam amis extending from the tubular base 
in an upvrard longitudinal direction, each cam arm defining an inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams amis of the upper cam assembly are Interieaved with and 
overiap the cam arms of the lower cam assembly, a plurality of lower expansion cone 
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Fig. 3a is a fragmentary cross-sectional Illustration of a portion of the apparatus of Fig 
5 Fig. 3b is a fragmentaiy cross-sectional illustration of a portion of the apparatus of Fig 
l!an?i I''"'"'""'"'' -oss-sectional illustration of a portion of the apparatus of Rgs. 
Fig. 4a is a fragmentaor cross-sectional illustration of a portion of the apparatus of Fig 
15 I?an?ir'"""'''' -oss-secdonal illustrBton of a portion of the apparatus of Figs. 
Fig. 6 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs. 

20 Figs. 7a-7e are fragmentary cross-sec«onai and perspective Illustrations of the upper 
cam assembly of the apparatus of Figs, la and 1b. 

Fig. 7f is a fragmentary cross-sectional illustration of the lower cam assembly of the 
apparatus of Figs, la and lb. 
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Figs. 8a-8d are fragmentary cross-sectional and perspective illustrations of one of the 
uppercone segments ofthe apparatus of Figs, laand lb. 

30 7^'' " ' T"^"*"" cross-sectional Illustration of one of the lower cone segments 
30 of the apparatus of Figs. 1 a and 1 b. 

Fig. 9 is a side view of a portion ofthe apparatus of Figs. 1a and lb. 
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Fig. 10a is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs, laand lb during the radial expansion of the expandable tubular member. 

Fig. 1 0b is a fragmentary cross sectional illustration of another portion of the apparatus 
5 of Fig. 10a. 

Fig. 1 1a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
F.gs. loa and 10b during the adjustment of the expansion cone to a collapsed position. 

10 Fig^ 1 lb is a fragmentary cross sectional illustration of another portion of the apparatus 
Of Fig. 11a. 

Fig. 12 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs 
11a and lib. " 
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F^. 13 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs 
11a and 11b. 

FIG. 14 is a fragmentary cross sectional illustration of a portion of the apparatus of 
20 Figs. 11a and 11b with the expansion cone in a half collapsed position. 

FIG. 15 is a fragmentaor cross sectional illustration of a portion of the apparatus of 
Figs. 1 la and 1 1b with the expansion cone in a fully collapsed position. 



25 Fig. 16 is a side view of a portion of tiie apparatus of Figs. 10a 



and 10b. 



Fig. 17a. is a fragmentary aoss sectional illustration of a portion of the apparatus of 
F.gs 11a and 11b after the removal of the apparatus from interior of tt,e expandable 



tubular member. 
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Fig^17b is a fragmentary cross sectional illustration of another portion of the apparatus 
of Fig. 1 7a. 
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An end of a lower mandrel 34 defines a recess 34a that mates with, receives, and is 
coupled to the external flange 22c of the upper mandrel 22, a recess 34b that mates 
with, receives, and is coupled to the end of the upper mandrel, a passage 34c, and an 
extemal flange 34d including circumferentially spaced apart meshing teeth 34da on an 
end face of the external flange. Torque pins 36a and 36b further couple the recess 
34a of the end of the lower mandrel 34 to the extemal flange 22c of the upper mandrel 
22. During operation, the torque pins 36a and 36b transmit torque loads between the 
recess 34a of the end of the lower mandrel 34 and the extemal flange 22c of the upper 
mandrel 22. 



An upper cam assembly 38 includes a tubular base 38a for receiving and mating with 
the lower mandrel 34 that includes an extemal flange 38aa, a plurality of 
circumferentially spaced apart meshing teeth 38b that extend from one end of the 
tubular base in the longitudinal and radial directions for engaging the meshing teeth 
34da of the end face of the extemal flange 34d of the lower mandrel, and a plurality of 
circumferentially spaced apart cam arms 38c that extend from the other end of the 
tubular base in the opposite longitudinal direcHon and mate with and receive the lower 
nrandrel. During operation, the meshing teeth 34da of the end face of the extemal 
flange 34d of the lower mandrel 34 transmit torque loads tq the meshing teeth 38b of 
the upper cam assembly 38. Each of the cam arms 38c include an inner portion 38ca 
extending from the tubular base 38a that has arcuate cylindrical inner and outer 
surfaces. 38caa and 38cab, a tapered intennedlate portion 38cb extending from the 
inner portion that has an arcuate cylindrical inner surface 38cba and an arcuate conical 
outer surface 38cbb. and an outer portion 38cc extending from the intemiediate portion 
that has arcuate cylindrical inner and outer surfaces. 38cca and 38ccb. In an 
exemplary embodiment, the radius of curvatures of the arcuate outer cylindrical 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of curvatures of the arcuate 
inner cylindrical surfaces. 38caa. 38cba. and 38cca are equal. 

A lower cam assembly 40 includes a tubular base 40a for receiving and mating with the 
lower mandrel 34 that Includes an extemal flange 40aa, a plurality of circumferentially 
spaced apart meshing teeth 40b that extend from one end of the tubular base in the 
longitudinal and radial directions, and a plurality of circumferentially spaced apart cam 
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arms 40c that extend from the other end of the tubular base in the opposite longitudinal 
direction and mate with and receive the lower mandrel. Each of the cam amis 40c 
include an inner portion 40ca extending from the tubular base 40a that has arcuate 
cylindrical inner and outer surfaces. 40caa and 40cab. a tapered intemiediate portion 
40cb extending from the inner portion 40ca that has an arcuate cylindrical inner surface 
40cba and an arcuate conical outer surface 40cbb. and an outer portion 40cc 
extending from the intemiediate portion that has arcuate cylindrical inner and outer 
surfaces. 40cca and 40ccb. In an exemplary embodiment, the radius of curvatures of 
the arcuate outer cylindrical surfaces 40cab are greater than the radius of curvatures 
the arcuate outer cylindrical surfaces 40ccb. In an exemplary embodiment, the radius 
of curvatures of the arcuate inner cylindrical surfaces. 40caa. 40cba. and 40cca are 
equal. In an exemplary embodiment, the upper and lower cam assemblies. 38 and 40, 
are substantially identical. In an exemplary embodiment, the cam amis 38c of the 
upper cam assembly 38 interieave the cam amis 40c of the lower cam assembly 40. 
Furthermore, in an exemplary embodiment, the cam arms 38c of the upper cam 
assembly also overlap with the cam arms 40c of the lower cam assembly 40 in the 
longitudinal direction thereby permitting torque loads to be transmitted between the 
upper and lower cam assemblies. 

An end of an upper retaining sleeve 42 receives and is threadably coupled to the 
external flange 34d of the lower mandrel 34 that defines a passage 42a for receiving 
and mating with the outer drcumferential surfaces of the external flange 38aa and the 
meshing teeth 38b of the upper cam assembly 38. and an inner annular recess 42b. 
and includes an internal flange 42c for retaining the extemal flange 38aa of the upper 
cam assembly, and an internal flange 42d at one end of the upper retaining sleeve that 
includes a rounded interior end face. An o-ring seal 44 is received within the annular 
recess 42b for sealing the interface between the upper retaining sleeve 42 and the 
extemal flange 34d of the lower mandrel 34. A disc shaped shim 43 is positioned 
within the upper retaining sleeve 42 between the opposing end faces of the internal 
flange 42c of the retaining sleeve and the meshing teeth 38b of the upper cam 
assembly 38. 

A plurality of upper expansion cone segments 44 are interieaved among the cam amis 
38c of the upper cam assembly 38. Each of the upper expansion cone segments 44 
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cylindrical surface, the arcuate spherical outer surfaces. 44bbb and 46bbb. of the upper 
and lower expansion cone segments define an contiguous arcuate spherical surface 
and the arcuate cylindrical outer surfaces. 44cb and 46bba, of the upper and lower 
expansion cone segments define a contiguous cylindrical surface. 

An end of a lower retaining sleeve 48 defines a passage 48a for receiving and mating 
with the outer circumferential surfaces of the external flange 40aa and the meshing 
teeth 40b of the lower cam assembly 40. and an inner annular recess 48b. and 
includes an intemal flange 48c for retaining the external flange of the lower cam 
assembly, and an intemal flange 48d at one end of the lower retaining sleeve that 
includes a rounded interior end face for mating with the hinge grooves 46 aba of the 
lower expansion cone segments 46 thereby pivotally coupling the lower expansion 
cone segments to the lower retaining sleeve. An o-ring seal 50 is received within the 
annular recess 48b. A disc shaped shim 49 is positioned within the lower retaining 
sleeve 48 between the opposing end faces of the internal flange 48c of the retaining 
sleeve and the extemal flange 40aa of the lower cam assembly 40. 

In an exemplary embodiment, the arcuate cylindrical outer surfaces 44bba of the upper 
expansion cone segments 44 and the arcuate cylindrical outer surfaces 46cb of the 
lower expansion cone segments 46 are aligned with the outer surface of the upper 
retaining sleeve 42. In an exemplary embodiment, the arcuate cylindrical outer 
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical 
outer surfaces 46 bba of the lower expansion cone segments are aligned with the outer 
surface of the lower retaining sleeve 48. 

An end of a float shoe adaptor 50 that includes a plurality of circumferentially spaced 
apart meshing teeth 50a for engaging the meshing teeth 40b of the lower cam 
assembly 40 is received within and threadably coupled to an end of the lower retaining 
sleeve 48 that defines a passage 50b at one end for receiving an end of the lower 
mandrel 34. a passage 50c having a reduced inside diameter at another end. a plurality 
of radial passages 50d at the other end. and includes an intemal flange 50e and a 
torsional coupling 50f at the other end that includes a plurality of torsional coupling 
members 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40 
transmit toque loads to and from the meshing teeth 50a of the float shoe adaptor. 
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« ,ne exlerna, flange 52d ., ,he ret^ni^ sleeve 52 ImpaCe. end app„e a 
downward ,ong,.„dina, force ,o, ,he inlerne, fleng, 50e of .he floa, shoe adap J As a 

*.c^,^aUve to,he,ower„,andre,34. ^e do^,.^ ^„^,„3, d^ J^, ^ 
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assembly 38, and the upper expansion cone segments 44. 

T^e do^tward ,ongi.^i„ai displacement of ,^ lower cam assembly 40 relative to the 
^ expansron „ne segments 44 causes the upper expansion cone segments to 
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0. *e lower retaining sleeve. As a result of «» inward radla. movemen. of Ihe upper 
and lower expansion cone segments, 44 and 46, the externa, spherical 

rfac^s, 44bbb and 46bbb, of the upper and lower exp»s^ cone se^nts. 44 ^ 
46, no longer provide a substantially contiguous outer arcuate sphedcal surface. 

movemento, the retaWng sleeve 42 and fioat shoe adapter 
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packer cups. 24 and 28. and the expansion cone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can be run down 
through the expandable tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

In several alternative embodiments, resilient members such as. for example, spring 
elements are coupled to the upper and lower expansion cone segments. 44 and 46, for 
resiliently biasing the expansion cone segments towards the expanded or collapsed 
position. 



In several alternative embodiments, the placement of the upper and lower expansion 
cone segments, 44 and 46. in an expanded or collapsed position is reversible as 
disclosed in PCT patent application serial no. PCT / / attorney docket no. 

25791.88.02, filed on . , the disclosure of which is incorporated herein by 

15 reference. 
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In several alternative embodiments, a small gap is provided between the upper and 
lower expansion cone segments, 44 and 46. vi^en positioned in the expanded 
condition that varies fl-om about .005 to .030 inches. 



An apparatus for radially expanding and plastically defomiing an expandable tubular 
member has been described that includes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exterior surface of the upper 
tubular support member for sealing an interface between the upper tubular support 

25 member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprising: a tubular base coupled to the upper tubular 
support member, and a plurality of cam amns extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam arms of the upper cam 

30 assembly and pivotally coupled to the tubular support member, a lower tubular support 
member defining a second passage fluidicly coupled to the first passage releasably 
coupled to the upper tubular support member, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 
support member, and a plurality of cam arms extending from the tubular base in an 
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upward longitudinal direction, each cam ann defining an inclined surface that mates 
with the inclined surface of a con-esponding one of the upper expansion cone 
segments, wherein the cams amis of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion 
cone segments interieaved with cam amis of the lower cam assembly, each lower 
expansion cone segment pivotaily coupled to the lower tubular support member and 
mating with the inclined surface of a con-esponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments interleave and overlap the 
upper expansion cone segments, and wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface for plastically 
deforming and radially expanding the expandable tubular member. In an exemplary 
embodiment, the upper tubular support member includes: a safety collar, a torque plate 
coupled to the safety collar including a plurality of circumferentially spaced apart 
meshing teeth at an end, an upper mandrel including a plurality of circumferentially 
spaced apart meshing teeth at one end for engaging the meshing teeth of the torque 
plate and an external flange at another end. and a lower mandrel coupled to the 
extemal flange of the upper mandrel including an external flange including a plurality of 
circumferentially spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly includes a plurality of circumferentially spaced 
20 apart meshing teeth for engaging the meshing teeth of the extemal flange of the lower 
mandrel. In an exemplary embodiment, the apparatus further includes a stop nut 
coupled to an end of the lower mandrel for limiting the movement of the lower tubular 
member relative to the lower mandrel. In an exemplary embodiment, the apparatus 
further includes locking dogs coupled to the lower mandrel. In an exemplary 
25 embodiment, the lower tubular support member includes: a float shoe adapter including 
a plurality of circumferentially spaced apart meshing teeth at one end. an intemal 
flange, and a torsional coupling at another end, a lower retaining sleeve coupled to an 
end of the float shoe adapter including an intemal flange for pivotaily engaging the 
lower expansion cone segments, and a retaining sleeve received within the float shoe 
30 adapter releasably coupled to the upper tubular support member. In an exemplary 
embodiment, an end of the retaining sleeve abuts an end of the tubular base of the 
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly includes a plurality of circumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the float shoe adaptor. In an exemplary embodiment. 
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M appa«h,s for radially expanding and plastically defom,lng an expandable tubular 
member has also been descrtbed m Wudes a safev collar, a torque plat Ip , 

at an end. an upper mandrel including a plu^y of clrt»,er.ntlally spa J apart 
n^sNng teeth a. one end for engaging the n»sh,^ .eed, of the torque p^aZ 
externa, flange at another end, a W ma,«,el coupled to externa. Lnge ^t^ 



upper mandrel includir^g an external flange deluding a plurality of drcumferentially 
spaced apart meshing teeth, a stop nut coupled to an end of the lower mandrel an 
upper retaining sleeve coupled to the lower mandrel including an internal flange, one or 
more cup seals coupled to the upper mandrel for sealing an interface between the 
upper mandrel and the expandable tubular member, an upper cam assembly coupled 
to the lower mandrel including: a tubular base including a plurality of drcumferentially 
spaced apart meshing teeth for engaging the meshing teeth of the external flange of 
the lower mandrel, and a plurality of cam amis extending from the tubular base in a 
downward longitudinal direction, each cam am. defining an indined surface, a plurality 
of upper expansion cone segments interleaved with the cam amis of the upper cam 
assembly and pivotally coupled to the internal flange of the upper retaining sleeve a 
float Shoe adapter induding a plurality of drcumferentially spaced apart meshing teeth 
at one end. an internal flange, and a torsional coupling at another end. a lower 
reta.ning sleeve coupled to an end of the float shoe adapter including an internal 
flange, a retaining sleeve received within the float shoe adapter, one or more shear 
p.ns or releasably coupling the retaining sleeve to the stop nut. a lower cam assembly 
coupled to the float shoe adapter Including: a tubular base induding a plurality of 
crcumferentially spaced apart meshing teeth for engaging the meshing teeth of the 
float Shoe adapter, and a plurality of cam arms extending from the tubular base in an 
upward longitudinal direction, each cam ami defining an indined surface that mates 
w.th the indined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams amis of the upper cam assembly are interleaved with and 
overlap the cam amis of the lower cam assembly, a plurality of lower expansion cone 
segments Interleaved with cam amis of the lower cam assembly, each lower expansion 
cone segment pivotally coupled to the intemal flange of the lower retaining sleeve and 
mat.ng with the inclined surface of a con-esponding one of the cam arms of the upper 
cam assembhr. a float shoe releasably coupled to the torsional coupling of the float 
Shoe adaptor, and an expandable tubular member coupled to the float shoe and 
supported by and movably coupled to the upper and lower expansion cone segments 
wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically defomiing and 
radially expanding the expandable tubular member, wherein eadi upper expansion 
cone segment indudes: an inner portion defining an arcuate cylindrical upper surface 
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including a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces, an 
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cylindrical upper surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an intermediate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface, 
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the intermediate portion to the 
outer portion. 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam amis extending from the tubular base in a 
downward longitudinal direction, each cam ami defining an inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an intemal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams arms of 
the upper cam assembly are interieaved with and overiap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segments interieaved with cam 
arms of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the intemal flange of the lower tubular support member and mating with the 
inclined surface of a con-esponding one of the cam arms of the upper cam assembly. 
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wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically defonning and 
radially expanding the expandable tubular member. In an exemplary embodirrient. 
each upper expansion cone segment includes: an inner portion defining an arcuate 
cylindrical upper surface including a hinge groove for pivotally coupling the upper 
expansion cone segment to the upper tubular support member and arcuate cylindrical 
lower surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces, and wherein each lower expansion cone segment 
includes: an inner portion defining an arcuate cylindrical upper surface including a 
hinge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical lower surfaces, an intermediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower 
1 5 surface, and an outer portion defining arcuate cylindrical upper and lower surfaces. In 
an exemplary embodiment, each upper expansion cone segment is tapered in the 
longitudinal direction from the intemiediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in \be longitudinal direction from the 
intermediate portion to the outer portion. 
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A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam amis extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments Interieaved with the cam amis of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
frangible couplings for releasabiy coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam amis extending from the tubular base in an upward longitudinal direction, each 
cam ami defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams amis of 
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the upper cam assembly are interleaved with and overlap the cam amis of the lower 
cam assembly, and a plurality of lower expansion cone segments interleaved with cam 
arms of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the internal flange of the lower tubular support member and mating with the 
.ncl,ned surface of a corresponding one of the cam amis of the upper cam assembly 
wherein the lower expansion cone segments interieave and overlap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastical^ defomiing and 
rad,ally expanding the expandable tubular member, wherein each upper expansion 
cone segment includes: an inner portion defining an arcuate cylindrical upper surface 
.ncluding a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces an 
mtemiediate portion defining arcuate cylindrical and spherical upper surfaces and an 
aroiate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cylindrical upper surface including a hinge groove for 
P.votally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate c^indrical lower surfaces, an intem^diate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface 
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment ,s tapered in the longitudinal direction from the intermediate portion to the 
outer portion. 

An apparatus for radial^ expanding and plastically defomiing an expandable tubular 
member has also been described that indudes a tubular support member, a collapsible 
expansion cone coupled to the tubular support member, an expandable tubular 
member coupled to the collapsible expansion cone, means for displadng the 
collapsible expansion cone relative to the expandable tubular member, and means for 
collapsing the expansion cone. In an exemplary embodiment, the tubular support 
member indudes an upper tubular support member including an internal flange and a 
lower tubular support member induding an internal flange, wherein the expansion cone 
indudes: an upper cam assembly coupled to the upper tubular support member 
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support member, and means for llmiUng movement of the upper tubular support 

™*er relative to .e W tubu^ aupp^ member. In a„ exe^le^ e^^ Z 

and means for p,vo.in9 the lower expansion co« segments. ,n an e~ 
mbodiment. the apparatus further Incudes: means for pul,,,, the 

expansion cone through the expandable tubular member. 

A capsible expansion cone has also been deschbed that includes an upper cam 
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surface, a plu,al«y of upper expansion cone segments interteaved »;ith the cam am,s of 
«;e upper cam assembly, a lower cam assemb^ inCuding: a tubuia^Z I! 

«ms ™s of the upper cam assembly are Interteaved with and overiap the cam am,s 
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with the inclined surface of a corresponding one of the cam arms of the upper cam 
assembly, means for moving the upper cam assembly away from the lower expansion 
cone segments, and means for moving the lower cam assembly away from the upper 
expansion cone segments. In an exemplary embodiment, the upper and lower 
expansion cone segments together define an arcuate spherical external surface. In an 
exemplary embodiment, each upper expansion cone segment includes: an inner 
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an 
intemiediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, and wherein each lower expansion cone segment includes: an 
inner portion defining an arcuate cylindrical upper surface and arcuate cylindrical lower 
surfaces, an intemiediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces. In an exemplary embodiment, each upper 
expansion cone segment is tapered in the longitudinal direction from the intemiediate 
portion to the outer portion, and each lower expansion cone segment is tapered in the 
longitudinal direction from the intemiediate portion to the outer portion. 

A method of radially expanding and plastically defonning an expandable tubular 
member has also been described that includes supporting the expandable tubular 
member using a tubular support member and a collapsible expansion cone, injecting a 
fluidic material into the tubular support member, sensing ttie operating pressure of the 
injected fluidic material within a first interior portion of the tubular support member, 
displadng the collapsible expansion cone relative to the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member, 
sensing the operating pressure of the injected fluidic material within a second interior 
portion of the tubular support member, and collapsing the collapsible expansion cone 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the second interior portion of the tubular support member. 
In an exemplary embodiment, the method further includes: pulling the collapsible 
expansion cone through the expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a predetemiined level within the first 
interior portion of the tubular support member. In an exemplary embodiment, pulling 
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ma c»teps,.,e expansion cons through ,h. expandabte U,butar ™„ber indudes- 
ooupeng one or .ore c^. seals ,o ,he .ub*r support m^her above «,e cctai^te 
expans^ cone, press.*s -he l„,er.r o, ^ expan^b. .„b..r 

;r " """" = ^ 

n^b« When^n collapsing ,he collapsible expansion cone Wudes dlsp^cng 

embedment, the oCapslble expansion cone IncWes: an upper cam assembh^ 
10 in^ln, a .bular base, and a pl„ra,«, o, ca. am. extending 1 

ultr ^ =™ - '"^ -.ace, a 

«na^|,andplvo.allyco^,|ed.„,heuppe„„bularsup^n.en*er, a io»erl 

.uwar base ,n an upwa« tongiwha, direction, ead, cam ann denning l i„*ed 
2- »»' -ates * .h. inclined .urfac, C a correepcnd^g one o, e 
nsion cone segments, herein the cams anns o, the upper cam assemb^l 
~ w«h and ovedap the cam arms the ^ cam assen^y, and a pi" 

uZ r """^ -"buter 

support member and mating ^th the Inclined surface of a corresponding one of the 
cam amis of the upper cam assembly. a °ne or me 
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scope of the ,nven,»„. For example, the leachlngs of .he present Illustrative 

"^^ " "'^^ ' ' - ' 

embod me«s nay be combined in whote or in pan m some or all of the Illustrative 
~en.s. in ad*on, ^ expanse surfaces of ^ expansion cone ^Z^^ 
~de any fom, of inc.^ surfa^ „ ^ J - 

example, conical, spherical, eMptlcal, and/or parabolic. 

Although Illustrative embodiment of .he invenfion have been shown and descnTed a 
«de range of mod^catton, changes and subs««on is contemp^d In B» f^^ 



disclosure. In some instances, some features of the present invention may be 
employed without a corresponding use of the other features. Accordingly it Is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 



30 



.) 



Claims 

1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; and 

an adjustable expansion device coupled to the upper tubular support member 
10 adapted to be controliably adjusted between a smaller outside diameter and a larger 
outside diameter. 

2. The apparatus of claim 1 , wherein the adjustable expansion device comprises: 
an upper cam assembly coupled to the upper tubular support member 

15 comprising: 

a tubular base coupled to the upper tubular support member, and 

a plurality of cam anms extending from the tubular base in a downward 
longitudinal direction, each cam ami defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam arms of 
20 the upper cam assembly and pivotally coupled to the upper tubular support memben 

a lower tubular support member defining a second passage fluidicly coupled to 
the first passage releasably coupled to the upper tubular support memben 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 
25 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam ami defining an inclined surface that mates with the inclined 
surface of a con-esponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overiap the cam amns of the lower cam assembly; and 
30 a plurality of lower expansion cone segments interieaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 



31 



3. The apparatus of claim 2, wherein tlie lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 
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1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support member, and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the tubular support member; 

a lower tubular support member defining a second passage fluidiciy coupled to 
the first passage releasably coupled to the upper tubular support member, 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support n^ember; and 

a plurality of cam arms extending from the tubular base In an upward longitudinal 
direction, each cam ami defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical extemal surface for plastically deforming and radially expanding the 
expandable tubular member. 

2. The apparatus of claim 1 , wherein the upper tubular support member comprises: 
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a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
5 meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; and 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth. 

10 

3. The apparatus of claim 2, wherein the tubular base of the upper cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teetti of the external flange of the lower mandrel. 

15 4. The apparatus of claim 2. further comprising: 

a stop nut coupled to an end of the lower mandrel for limiting the movement of 
the lower tubular member relative to the lower mandrel. 

5. The apparatus of claim 2, further comprising: 
20 locking dogs coupled to the lower mandrel. 

6. The apparatus of claim 1 , wherein the lower tubular support member comprises: 

a float shoe adapter comprising a plurality of circumferentially spaced apart 
meshing teeth at one end. an internal flange, and a torsional coupling at another end; 
25 a lower retaining sleeve coupled to an end of the float shoe adapter comprising 

an internal flange for pivotally engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter releasably coupled to 
the upper tubular support member. 

30 7. The apparatus of claim 6, wherein an end of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of claim 6, wherein the tubular base of the lower cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adaptor. 

9. The apparatus of claim 6. further comprising: 
a float shoe releasably coupled to the torsional coupling of the float shoe adaptor; 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

1 0. The apparatus of claim 1 , further comprising: 
one or more shear pins coupled between the upper tubular support member and 

the lower tubular support member. 

15 11. The apparatus of claim 1 , further comprising: 

a stop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
member. 

20 1 2. The apparatus of claim 1 , further comprising: 

a float shoe releasably coupled to the lower tubular support member that defines 
a valveable passage; and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

25 

13. The apparatus of dalm 1. wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
30 support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
wherein each lower expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling tfie lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

14. The apparatus of claim 13. wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

15. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; 

a lower mandrel coupled to the extemal flange of the upper mandrel comprising 
an extemal flange comprising a plurality of circumferentially spaced apart meshing 
teeth; 

a stop nut coupled to an end of the lower mandrel; 

an upper retaining sleeve coupled to the lower mandrel comprising an internal 
flange; 

one or more cup seals coupled to the upper mandrel for sealing an interface 
between the upper mandrel and the expandable tubular member, 

an upper cam assembly coupled to the lower mandrel comprising: 

a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the extemal flange of the lower mandrel; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 
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a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
retaining sleeve; 

a float shoe adapter comprising a plurality of circumferentially spaced apart 
meshing teeth at one end. an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange; 

a retaining sleeve received within the float shoe adapter; 

one or more shear pins for releasably coupling the retaining sleeve to the stop 

nut; 

a lower cam assembly coupled to the float shoe adapter comprising: 

a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the float shoe adapter; and 

a plurality of cam amns extending from »ie tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a con-esponding one of the upper expansion cone segments: 

wherein the cams amns of the upper cam assembly are interleaved with and 
overlap the cam anms of the lower cam assembly; 

a plurality of lower expansion cone segments Interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower retaining sleeve and mating with the inclined surface of a 
con-esponding one of the cam amis of the upper cam assembly; 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor, 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments; 

wherein the lower expansion cone segments Interleave and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defomiing and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface Including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; . 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
direction from the intemiediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intenmedlate portion to the outer portion. 

16. A collapsible expansion cone assembly comprising: 

an upper tubular support member comprising an intemal flange; 

an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an intemal flange; 

one or more frangible couplings for releasably coupling the upper and lower 
tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 
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a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam anm defining an inclined surface that mates with the inclined 
surface of a con-esponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member. 

17. The assembly of claim 16. wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intennediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

18. The assembly of claim 16, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 
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wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intenmediate portion to the outer portion. 

19. A collapsible expansion cone assembly, comprising: 
5 an upper tubular support member comprising an intemal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
a plurality of cam arms extending from the tubular base in a downward 
10 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the intemal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
15 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member, and 
a plurality of cam anns extending from the tubular base in an upward longitudinal 
20 direction, each cam amn defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams anns of the upper cam assembly are Interieaved with and 
overiap the cam amis of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved with cam anns of the 
25 lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interieave and overtap the upper 
expansion cone segments; 
30 wherein the upper and lower expansion cone segments together define an 

arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segnnent to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
direction from the intemiediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemnediate portion to the outer portion. 

20. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

a tubular support member; 

a collapsible expansion cone coupled to the tubular support member; 
an expandable tubular member coupled to the collapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
tubular member, and 

means for collapsing the expansion cone. 

21. The apparatus of daim 20, wherein the tubular support member comprises an 
upper tubular support member comprising an Internal flange and a lower tubular 
support member comprising an intemal flange; wherein the expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member, and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
5 tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
10 surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam amis of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
15 internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam anms of the upper cam assembly; and 
wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support member to the lower 
tubular support member; and 
20 means for limiting movement of the upper tubular support member relative to the 

lower tubular support member. 



22. The apparatus of claim 20. further comprising: 

means for pivoting the upper expansion cone segments; and 
25 means for pivoting the lower expansion cone segments. 

23. The apparatus of claim 20, further comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
member. 

30 

24. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam anns of 
the upper cam assembly; 
5 a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam anns extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

10 wherein the cams arms of the upper cam assembly are interleaved with and 

overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a con^esponding one of the cam anns of the upper cam assembly; 

15 means for moving the upper cam assembly away from the lower expansion cone 

segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

20 25. The apparatus of claim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of claim 24, wherein each upper expansion cone segment 
comprises: 

25 an inner portion defining an arcuate cylindrical upper surface and arcuate 

cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
30 wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindrical upper and lower surfaces. 

27. The apparatus of claim 24, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

28. A method of radially expanding and plastically defonning an expandable tubular 
member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

injecting a fluidic material into the tubular support member; 

sensing the operating pressure of the injected fluidic material within a first interior 
portion of the tubular support member; 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the injected fluidic material exceeds a 
predetemnined level within the first interior portion of the tubular support member, 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member; and 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetenrnined level within the second interior 
portion of the tubular support member. 

29. The method of daim 28, further comprising: 

pulling the collapsible expansion cone through the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member. 

30. The method of claim 29, wherein pulling the collapsible expansion cone through 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support member above the 
collapsible expansion cone; 
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pressuring the interior of the expandable tubular member below the cup seals; 

and 

pulling the collapsible expansion cone through the expandable tubular member 
using the cup seals. 

5 

31. The method of daim 28, wherein the tubular support member comprises an 
upper tubular support member and a lower tubular support member; and wherein 
collapsing the collapsible expansion cone comprises displacing the upper tubular 
member relative to the lower tubular support member. 

10 

32. The method of claim 31 , wherein the collapsible expansion cone comprises; 
an upper cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
1 5 longitudinal direction, each cam am defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and plvotally coupled to the upper tubular support member; 
a lower cam assembly comprising: 
a tubular base; and 

20 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a con-esponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are interleaved with and 
overlap the cam amns of the lower cam assembly; and 

25 a plurality of lower expansion cone segments interleaved with cam amns of the 

lower cam assembly, each lower expansion cone segment plvotally coupled to the 
lower tubular support member and mating with the inclined surface of a con-esponding 
one of the cam arms of the upper cam assembly. 
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Amendments to the claims have been filed as follows 



1. An apparatus for radially expanding and plastically defonming an expandable 
tubular member, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

a collapsible expansion cone coupled to the upper tubular support member; 

means for displacing the collapsible expansion cone relative to the expandable 
tubular member; and 

means for collapsing the collapsible expansion cone; 

wherein the expandable tubular member is coupled to the collapsible expansion 



2. The apparatus of claim 1, wherein the collapsible expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support member; and 

a plurality of cam arms extending from the tubular base in a downward 

longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam arms of 

the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower tubular support member defining a second passage fluidicly coupled to 

the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam anms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 

surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 

overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
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lower tubular support member and mating with the inclined surface of a con^esponding 
one of the cam arms of the upper cam assembly. 

3. The apparatus of claim 2, wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ black BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

JQTcOLOR or BLACK AND WHITE PHOTOGRAPHS 
□^RAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem MaObox. 



